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COLLABORATION WITH KEK FOR THE RF OF LEIR 
TRAVEL REPORT 
 




Dates: March 4-6, 2002 
Place: KEK 
KEK representatives met: 
o Prof. Yuhkihide Kamiya – Director of the Accelerator Laboratory 
o Prof. Yoshiharu Mori [yoshiharu.mori@kek.jp] – Leader of the JKJ RF team 
o Shigeshi Ninomya – RF engineer for the KEK PS 
o Chihiro Ohmori [chihiro.ohmori@kek.jp] – RF engineer for the JKJ RF systems 
o Masahito Yoshi – RF engineer for the JKJ RF systems 




The RF team lead by Professor Y. Mori at KEK has developed a high competence in the 
design of Magnetic Alloy loaded cavities [1] which present numerous advantages at low 
frequencies over conventional devices using ferrite. Such low frequency cavities being needed 
for the Low Energy Ion Ring (LEIR) that will accumulate and cool the heavy ions for LHC 
(specifications in Table 1), the principle of a collaboration between KEK and CERN has been 
proposed and approved by the direction of both laboratories at the end of 2001. 
Table 1: LEIR RF specifications 
Number of cavities 2 
Frequency range 0.7 to 3.5 MHz 
Gap voltage 2 × 4 kV 
Length (flange to flange) 2 × 0.5 m 
Vacuum chamber diameter 0.15 m 
Vacuum chamber bake-out capability 300 °C 
 
Our visit to KEK had the goals to: 
- improve our understanding of the technicalities of the KEK design and define with our 
Japanese colleagues the details of the cavities that could built for CERN, 
- determine balanced contributions from both parties. 
 
2. RF system design 
The LEIR specifications are almost met by an RF system developed and built a few years 
ago for the HIMAC machine [2]. The drawings of the cavity are sketched in Figure 1. The RF 
system installed in the HIMAC accelerator is shown in Figure 2. The use of FINEMET 
Magnetic Alloy brings along some peculiarities as compared to ferrite. We were mainly 








Figure 1: HIMAC cavity 
 
The existing HIMAC cavity being accessible, we could make some gap impedance 
measurements. The cavity losses were larger than previously measured by our Japanese 
colleagues. Based on their experience, they attribute it to surface degradation of the 
FINEMET rings due to their cooling by water immersion. For this reason, a special coating is 
under development which will avoid contact between FINEMET and water, while 
maintaining good thermal conductivity. 
 
Through discussion it became clear that increasing the coupling between the two cavity 
halves is not required by the beam. Nevertheless, if obtained by means of additional loops, 
that would help in the design of the final amplifier by doubling the impedance seen by the RF 
tubes: the tube voltage and current characteristic are better used and a higher gain is obtained. 
We therefore discussed possible modifications to the HIMAC cavity design to introduce 
coupling loops. 
 
The cavity, which does not require a tuning system, will be driven by a push-pull 
amplifier made with vacuum tubes and driven by a solid-state amplifier. Additional cavity 







Figure 2: HIMAC RF system 
 
3. Terms of the collaboration 
KEK representatives had a very open-minded attitude when discussing the possible terms 
of the collaboration. They are clearly interested in getting support from CERN in exchange 
for their contribution to LEIR. 
After some brainstorming, and helped by a constructive spirit from all parties, we arrived 
at the proposal summarised in Table 2. 
 
Table 2: Proposed terms of KEK-CERN collaboration for the RF of LEIR 
CONTRIBUTION DESCRIPTION SCHEDULE 
KEK to CERN - Mechanics for 2 cavities, by 
modification to the HIMAC 
design. 
- Central part to be made by 
CERN (vacuum chamber, 
ceramic gap and bake-out 
hardware) 
- FineMet cores to be bought by 
CERN 
- June 2002: agreement on the 
mechanical details 
- April 2004: delivery at CERN. 
[=> 2 man.months of CERN 
manpower at KEK] 
CERN to KEK - RF amplifier modules (4 –8) 
for driving a prototype final 
amplifier for a JKJ 
synchrotron (~ 5 kW) 
- RF power combiner to be 
designed and made by KEK 
- Power supplies to be provided 
by KEK 
 
- June 2002: agreement on the 
specifications 
- June 2003: test of a 1 kW 
prototype module at CERN 
- December 2003: delivery of 
modules at KEK [=> 2 





For the construction of the cavities and the selection of the MA cores, we rely entirely on 
the development already made by the KEK team. They will specify the cores and their 
coating, and we’ll buy them from the Hitachi Metal representative in Europe. They will build 
the bodies of the cavities, but not the central part (vacuum chamber, ceramic gap and bake-out 
equipment) which is specific to our needs and whose construction can be mastered at CERN 
without problem. The cores being fabricated in Japan, they will first be delivered to KEK and 
be tested there in the cavities before the ensemble is sent to CERN. The complete assembly 
with the central part will be made at CERN in April-June 2004, and the cavities will be tested 
at full RF power. Approximately 2 man.months of KEK staff will be provided on the CERN 
site to help during this period. 
 
For the 6 kW amplifier driving the final high power stage of each JKJ RF system, the 
Japanese were until now relying on expensive hardware bought from industry. For the LEIR 
RF systems, we intend to develop at CERN a 1 kW solid-state amplifier, based on previous 
designs, to drive the final tubes. Since our frequency bands are similar, combining ~ 8 such 
amplifiers it is possible to attack the final stage of a JKJ system. The proposal is then to build 
at CERN cost and deliver to KEK enough of these modules to test this solution on a Japanese 
system. CERN will only provide up to 8 RF modules, without DC power supplies, and KEK 
has to develop the power combiners. This will take place at the end of 2003- beginning of 
2004. Approximately 2 man.months of CERN staff will be provided on the KEK site to help 
during this period. 
 
4. Conclusion 
Our visit has been very constructive, both from the technical and the management point of 
views. The terms of collaboration that are now proposed imply balanced contributions and 
benefits for both parties. Moreover, each laboratory profiting from the knowledge of the other 
one, each project can progress with minimum resources at the fastest pace. 
 
It is already obvious that it will be logical to later extend this collaboration to the study of 
the use of such RF systems in high intensity proton rings. The JKJ project is the first in the 
world to heavily rely on this new technology, and it would be very interesting to benefit from 
this experience for the design of future improvements of the CERN complex of high intensity 
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